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(57) The invention relates to continuously extruded 
physically foamed fine cellular polyethylene foam hav- 
ing a structure in which more than 95 % of the cells have 
a cell diameter smaller than 150 micrometers. The den- 
sity is between 1 0 and 1 00 kg/m 3 . 

The invention also relates to a process for physical 
foaming polyethylene in the presence of a nucleating 
agent. The nucleating agent is an organic compound 
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which, on changing to the solid phase, forms crystals 
and which in its melt phase is soluble in the molten pol- 
yethylene. 

The difference in crystallization temperature be- 
tween the polyethylene and the nucleating agent is 
greater than 10°C. 

The difference between the melting temperature 
and the crystallization temperature of the nucleating 
agent is less than 20°C. 


Physically foamed fine cellular polyethylene foam 
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Description 

[0001 ] The invention relates to continuously extruded 
physically foamed fine cellular polyethylene foam hav- 
ing a structure in which more than 95% of the cells have 
a cell diameter smaller than 150 micrometers. 
[0002] The invention also relates to a process for 
physical foaming of polyethylene in the presence of a 
nucleating agent which crystallises in the polymer melt 
before the actual foaming. 

[0003] The physical foaming process is a continuous 
extrusion process in which the blowing gas, which forms 
cells in the polyethylene (PE) melt, is injected directly 
into the PE melt and homogeneously mixed and dis- 
solved in the molten polyethylene. In order to keep the 
gas dissolved in the PE melt, a minimum pressure, 
which is dependent on the gas used and the prevailing 
melt temperature, is needed in the molten polyethylene. 
This pressure needs to be maintained through to the end 
of the outlet opening of the extruder head for example 
in order to prevent the gas from expanding prematurely 
from the melt in the extruder head to cause a rough, 
coarse cellular foam surface. On exiting from the outlet 
opening, the melt pressure decreases to the atmospher- 
ic pressure and the dissolved gas expands immediately 
from the melt. In this process cells are formed whose 
size depends on the quantity of gas, the number of nu- 
clei (starting point for cell formation), the viscosity and 
elasticity of the polyethylene melt and the time available 
for cell growth. Cell growth ceases the moment the pol- 
yethylene melt reaches its crystallization temperature 
and the melt changes to the solid phase. In order to in- 
crease the viscosity in the melt and to shorten the cell 
growth time, the temperature in the polyethylene melt in 
the extruder and/or special melt coolers is reduced to 
just above the polyethylene crystallization temperature. 
[0004] The size of thecells is on the one hand an equi- 
librium between the gas pressure in the cell and the re- 
sistance posed by viscosity to this gas pressure and on 
the other dependent on the number of nuclei (= nucle- 
ating agent particles) and hence on the number of cells 
that have formed. 

[0005] Large cells are readily formed at low viscosity 
and high gas pressure. The viscosity level of the poly- 
ethylene melt is subject to limitations that are dependent 
on the heat of friction developing in the melt. This Is be- 
cause much heat of friction develops at a high viscosity, 
which heat subsequently needs to be dissipated since 
the melt temperature at the outlet opening needs to be 
brought near to the crystallization temperature. 
[0006] A nucleating agent (solid particles that serve 
as a starting point for gas permeation out of the melt) is 
distributed homogeneously, because the number of 
cells that are formed depends on the number of nuclei 
present in the melt. The higher the number of nuclei, the 
higher the number of cells among which the gas is dis- 
tributed, so that, for an equal gas quantity, this larger 
number of cells will have a smaller cell size. 


[0007] In foams produced by the physical foaming 
process, the nature and the particle size of the nucleat- 
ing agent place a crucial role in respect of the cell size. 
[0008] In "Factors effecting foam eel nucleation in di- 

5 rect gassed foam extrusion" by Thomas Pontiff (Foam- 
plas 1997; pages 251-261) a description is given of a 
process for physical foaming of polyethylene in the pres- 
ence of a nucleating agent and using an inorganic com- 
pound such as for example talc or sodium bicarbonate 

10 as nucleating agent. The drawback of this process is 
that a minimum cell diameter of only 340 micrometers 
is obtained. 

[0009] Polyethylene may also be foamed by chemical 
foaming with the blowing gas, from which the cells 

15 evolve, being formed by decomposition of a chemical 
blowing agent such as azodicarbonamide (ADC) and 
sodium bicarbonate (SBC). In the decomposition proc- 
ess, ADC mainly gives off nitrogen (N 2 ) and SBC mainly 
gives off carbon dioxide (C0 2 ). In the temperature range 

20 from 1 50 to 200°C (across which ADC and SBC decom- 
pose) both gases have a very high gas pressure and 
are therefore extremely difficult to keep dissolved in a 
molten polyethylene at these temperatures in the 
amount needed for a high degree of foaming. Moreover, 

25 in the said temperature range polyethylene has a rela- 
tively low viscosity, as a result of which extremely large 
cells would be formed. 

[0010] in the chemical foaming process, in order to 
overcome the problems of on the one hand the high gas 

30 pressure and on the other the low viscosity, the polyeth- 
ylene is crosslinked before the blowing agent decom- 
poses, so before the blowing gas is released. Custom- 
ary techniques for polyethylene in the chemical foaming 
process are crosslinking with the aid of peroxides or by 

35 electron radiation. Both techniques result in crosslinks 
between the polyethylene chains so that the viscosity 
increases very strongly and the crosslinked polyethyl- 
ene almost ceases to flow as a melt but is stretchable 
as a rubber. This results in an extremely high opposing 

40 force for cell growth. This, in combination with an ex- 
tremely small particle size of the blowing agent, allowing 
very many cells to develop simultaneously, results in a 
very fine cellular foam with a cell diameter between 1 
and 100 micrometers being possible. 

45 [0011] Extruding polyethylene with the required 
amount of blowing agent and other auxiliary materials, 
crosslinking and foaming the crosslinked polyethylene 
are 3 separate steps in the chemical foaming process 
that are not customarily carried out in a single operation 

so but independently of one another. This requires much 
additional equipment and additional handling and stor- 
age of the intermediate products. This, in combination 
with the expensive blowing agents and auxiliary mate- 
rials, renders the chemical foaming process a costly 

55 process in comparison with the physical foaming proc- 
ess, in which relatively cheap blowing gases and rela- 
tively simple equipment are used. 
[001 2] The object of the invention is to provide a non- 
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crosslinked, physically blown foam whose fine cellular 
structure is similar to that of crosslinked, chemically 
blown foam. The aim is to provide a physically blown 
polyethylene foam having a highly regular, fine cellular 
foam structure with the cells having a cell diameter 
smaller than 340 micrometers and preferably smaller 
than 150 micrometers. 

[0013] This object is achieved by applying as the nu- 
cleating agent an organic compound which, on chang- 
ing to the solid phase, forms crystals and which in its 
melt phase is soluble in the molten polyethylene. 
[0014] In this way, continuously extruded physically 
blown polyethylene foam having a highly regular, fine 
cellular or micro cellular foam structure is obtained in 
which more than 95% of the cells have a cell diameter 
smaller than 150 micrometers. 
[001 5] The obtained fine cellular foam may consist es- 
sentially of closed cells (with at least 90 % of the cells 
being closed). However, the obtained foam may also be 
partly open cell foam with an open cell content of for 
example 10%-60% of all cells. 
[0016] According to a further preferred embodiment 
of the invention the polyethylene foam has a foam struc- 
ture in which more than 80% of the cells have a cell di- 
ameter smaller than 1 00 micrometers. 
[001 7] For proper nucleating performance the crystal- 
lization temperature of the nucleating agent must be 
higher than that of polyethylene so that, as the polyeth- 
ylene melt cools down, the nucleating agent crystallizes 
sooner than polyethylene. 

[0018] In a preferred embodiment of the invention, the 
difference between the crystallization temperatures of 
polyethylene and the nucleating agent is greater than 
10°C. 

[0019] As a result, the nucleating agent will have crys- 
tallized before the polyethylene changes to the solid 
phase at its crystallization temperature. 
[0020] In another preferred embodiment of the inven- 
tion, the difference between the crystallization temper- 
atures of polyethylene and the nucleating agent is great- 
er than 20°C, 

[0021] The crystallization temperature can be deter- 
mined by DSC measurement (ASTM D3417-97). 
[0022] In order for the desired aim to be achieved the 
difference between nucleating agent's melting temper- 
ature and crystallization temperature must be as small 
as possible. It has been found that the temperature 
range in which crystallization occurs becomes narrower 
with a decreasing difference between the melting tem- 
perature and crystallization temperature. A narrower 
crystallization temperature range leads to a sharper and 
more regular crystallization transition and to a more reg- 
ular and more fine cellular foam. Consequently, the 
widths of the melting peak and the crystallization peaks 
must also be as narrow as possible, preferably less than 
5°C. 

[0023] In a preferred embodiment of the invention, the 
difference between the melting temperature and the 


crystallization temperature of the nucleating agent is 
less than 20°C. 

[0024] In another preferred embodiment of the inven- 
tion the difference between the melting temperature and 
5 the crystallization temperature of the nucleating agent 
is less than 10°C. 

[0025] Preferably the nucleating agent is an amide, 
an amine and/or an ester of a saturated or unsaturated 
aliphatic (C 10 -C 34 ) carboxylic acid. 

10 [0026] Examples of suitable amides include fatty acid 
(bis) amides such as for example stearamide, caproam- 
ide, caprylamide, undecylamide, lauramide, myrista- 
mide, palmitamide, behenamide and arachidamide, hy- 
droxystearamides and alkylenediyl-bis-alkanamides, 

is preferably (C 2 -C 32 ) alkylenediyl-bis-(C 2 -C 32 ) alkana- 
mides, such as for example ethylene bistearamide, 
butylene bistearamide, hexamethylene bistearamide, 
and/or ethylene bibehenamide. 
[0027] Suitable amines are for instance (C 2 -C 18 ) 

20 alkylene diamines such as for example ethylene bisc- 
aproamine and hexamethylene biscaproamine . 
[0028] Preferred esters of a saturated or unsaturated 
aliphatic (C 10 -C34) carboxylic acid are the esters of an 
aliphatic (C 16 -C 24 ) carboxylic acid. 

25 [0029] The nucleating agent is applied in an amount 
of between 0.1 and 4.0 wt.% relative to polyethylene. 
This amount preferably is between 0.5 and 1 wt.%. 
[0030] The polyethylene may be any polymercontain- 
ing more than 50 wt.% ethylene units such as for exam- 

30 pie ethylene homo polymers and copolymers such as 
for example low density polyethylene (LDPE), high den- 
sity polyethylene (HDPE), linear low density polyethyl- 
ene (LLDPE) (C 4 , C 6 and C 8 copolymers), ethylene vinyl 
acetate (EVA), ethylene methacrylic acid (EMA) and/or 

35 polyethylene obtained with a metallocene catalyst 
(mPE.. Preferably, mPE has a density in the range be- 
tween 882 and 915 kg/m 3 

[0031] The selection of the polymer depends in part 
on the desired application and on the desired foam prop- 
40 erties 

[0032] The polyethylene foam according to the inven- 
tion has a density of between 10 and 100 kg/m 3 and 
more, preferably between 10 and 50 kg/m 3 . 
[0033] Besides the polymer and the nucleating agent, 

45 the composition to be foamed must contain at least a 
blowing agent and a cell stabilizer. The composition may 
additionally contain other additives such as for example 
flame retardants, pigments, lubricants, antistatic 
agents, processing stabilizers, chemical blowing agents 

so and/or UV stabilizers. 

[0034] Suitable physical blowing agents include for 
example isobutane, C0 2 , pentane, butane, nitrogen 
and/or fluorohydrocarbons. 

[0035] Preferably, the physical blowing agent is isob- 
55 utaneorC0 2 . 

[0036] Suitable cell stabilizers include for example 
glycerol monostearate (GMS), mixtures of GMS and 
glycerol monopalmltate (GMP) and/or amides such as 
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for example stearyl stearamide and/or stearamide. 
[0037] Preferably, the cell stabiliser is GMS.. 
[0038] The selection of the foaming conditions in the 
physical foaming process used depend in part on the 
polyethylene used. 

[0039] The organic nucleating agent is added as a sol- 
id crystalline compound and, on melting in the extruder, 
becomes liquid, whereafter it is mixed with the molten 
polymer. Next, the liquid blowing gas is injected and ho- 
mogeneously mixed with the PE melt . Cooling takes 
place in the second section of the mixing extruder or in 
a special cooling extruder (tandem extrusion) and/or in 
a special melt cooler (with or without mixing sections) 
wherein the organic nucleating agent crystallizes on 
reaching the crystallization temperature. 
[0040] As is evident from page 31 6 of the publication 
"ethylenediyl-bis-alkanamides: differential scanning ca- 
lorimetry studies" (JAOCS, vol 73, No. 3 (1996)), these 
amides, which according to the present invention are 
suitable for use as a nucleating agent, consist of long, 
straight molecules In crystalline condition. The crystals 
are formed by the hydrogen bond between the carbonyl 
oxygen atoms and the hydrogen atoms bonded to the 
nitrogen atoms and by the Van der Waals forces be- 
tween the alkyl chains. 

[0041] The composition is extruded at a temperature 
just above the crystallization temperature of the polyeth- 
ylene. The exit temperature from the extrusion opening 
usually is maximum 1 0°C and preferably maximum 5°C 
higher than the crystallization temperature. The temper- 
ature at which the viscosity increase begins due to the 
crystallization of polyethylene corresponds with the 
crystallization onset temperature from a DSC curve. In 
orderto achieve on the one hand the maximum viscosity 
and hence the desired fine cellular structure and, on the 
other, to prevent the melt from "freezing" (crystallizing 
too rapidly) in the outlet, the melt temperature is main- 
tained at about 5°C and preferably about 2°C above the 
crystallization onset temperature so as to obtain a fine 
cellular foam with a cell size according to the invention. 
The cell diameter can be determined with for example 
a light microscope with image projection or with a Scan- 
ning Electron Microscope (SEM). 
[0042] The foam obtained by the process of the inven- 
tion has the advantage that it exhibits a much smoother 
surface structure than a foam obtained by a physical 
foaming process using an inorganic nucleating agent. 
Consequently, this foam can compete with the 
Crosslin ked foam obtained by a more costly chemical 
foaming process in terms of for example surface 
smoothness. 

[0043] The fine cellular foam of the invention may be 
used as for example foam sheeting for floor insulation, 
as foam section for protecting glass plates, as foamed 
heat insulation tubing for copper hot-water pipes, as 
foamed packaging film and as decoration. 
[0044] The invention will now be elucidated by means 
of the following non-restrictive examples. 
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Examples 
Example I 

5 [0045] A composition consisting of 95.2 wt.% LDPE 
(DSM type Stamylan LD 21 02TX00™ with melt index of 
1.9 dg/mln and density of 921 kg/m 3 ), 2 wt % glycerol 
monostearate (GMS), 2 wt % stearamide (SA) and 0.8 
wt.% ethylene bistearamide (EBS) was extruded in a 

10 Schwabentan single-screw extruder followed by three 
Sulzer static mixers and an extrusion head with an outlet 
opening of 4 x 1 mm. 

[0046] The extruder throughput was 1 .5 kg/hour, the 
injected quantity of isobutane was 3.5 ml/min, the tem- 
15 perature settings of the extruder zones were 150°C, 
240°C, 250°C, 250°C and 250°C, the temperature set- 
tings of the three Sulzer mixers were 150°C, 100°C, 
1 00°C and the temperature setting of the extruder head 
was 102°C. 

20 [0047] A fine cellular foamed strip was obtained hav- 
ing a foam density of 35 kg/m 3 , a width of 1 7.5 mm and 
a thickness of 6.5 mm. 

[0048] The SEM photograph (Attachment I) shows 
the obtained foam with an average cell diameter of 1 00 
25 micrometers and a regular structure of the cell diameter 
between 75 and 125 micrometers. 

Example II 

30 [0049] A composition consisting of 96 wt.% mPE 
(DEXPIastomers Exact 8203™ with melt index of 3.0 dg/ 
min and density of 882 kg/m 3 ), 2 wt % glycerol monos- 
tearate (GMS), 2 wt % stearamide (SA) was extruded in 
a Schwabentan single-screw extruder foil owed by three 
35 Sulzer static mixers and an extrusion head with an outlet 
opening of 4 x 1 mm. 

[0050] The extruder throughput was 2.0 kg/hour, the 
injected quantity of isobutane was 7.0 ml/min, the tem- 
perature settings of the extruder zones were 150°C, 
40 250°C, 250°C, 250°C and 250°C, the temperature set- 
tings of the three Sulzer mixers were 1 35°C, 65°C, 60°C 
and the temperature setting of the extruder head was 
65°C. 

[0051 ] A fine cellular foamed strip was obtained hav- 
45 jng a foam density of 35 kg/m 3 , a width of 1 9.0 mm and 
a thickness of 7.0 mm . The average cell diameter was 
90 micrometers. 

Example III 

50 

[0052] A composition consisting of 95 wt.% mPE 
(DEXPIastomers Exact 0203™ with melt index of 3.0 dg/ 
min and density of 902 kg/m 3 ), 2 wt % glycerol monos- 
tearate (GMS), 2 wt % stearamide (SA) and 1 wt.% eth- 
55 yiene bistearamide (EBS) was extruded in a Schwaben- 
tan single-screw extruder followed by three Sulzer static 
mixers and an extrusion head with an outlet opening of 
4x 1 mm. 
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[0053] The extruder throughput was 1 .5 kg/hour, the 
injected quantity of isobutane was 7.0 ml/min, the tem- 
perature settings of the extruder were 150°C, 250°C, 
250°C, 250°C and 250°C, the temperature settings of 
the three Sulzer mixers were 137°C, 84°C, 78°C and 
the temperature setting of the extruder head was 85°C. 
[0054] A fine cellular foamed strip was obtained hav- 
ing a foam density of 28 kg/m 3 , a width of 1 5.0 mm and 
a thickness of 5.0 mm . The average cell diameter was 
80 micrometers. 

Comparative example A 

[0055] Example I was repeated using as the compo- 
sition a mixture of 95.2 wt.% LDPE (DSM type Stamylan 
LD 21 02TX00™ with melt index of 1 .9 dg/min and den- 
sity of 921 kg/m 3 ), 2 wt.% glycerol monostearate (GMS), 
2 wt.% stearamide (SA) and 0.8% talc. 
[0056] A coarsely cellular foamed strip was obtained 
having a foam density of 39 kg/m 3 , a width of 21 .1 mm 
and a thickness of 9.5 mm. 

[0057] The SEM photograph (Attachment II) shows 
the obtained foam with average cell diameter of 2.2 mm. 


Claims 

1 . Continuously extruded physically foamed fine cel- 
lular polyethylene foam having a structure in which 
more than 95 % of the cells have a cell diameter 
smaller than 1 50 micrometers. 

2. Continuously extruded physically foamed fine cel- 
lular polyethylene foam according to Claim 1 having 
a density of between 10 and 100 kg/m 3 . 

3. Continuously extruded physically foamed cellular 
polyethylene foam according to Claim 1 having a 
foam structure in which more than 80% of the cells 
have a cell diameter smaller than 100 micrometers 

4. Process for physical foaming of polyethylene in the 
presence of a nucleating agent, characterized in 
that the nucleating agent is an organic compound 
which, on changing to the solid phase, forms crys- 
tals and which in its melt phase is soluble in the mol- 
ten polyethylene. 

5. Process according to Claim 4, characterized in 
that the difference between the crystallization tem- 
peratures of polyethylene and the nucleating agent 
is greater than 10°C. 

6. Process according to Claim 5, characterized in 
that the difference between the crystallization tem- 
peratures of polyethylene and the nucleating agent 
is greater than 20°C. 


7. Process according to Claim 4, characterized in 
that the difference between the melting tempera- 
ture and the crystallization temperature of the nu- 
cleating agent is less than 20°C. 

5 

8. Process according to Claim 7, characterized In 
that the difference between the melting tempera- 
ture and the crystallization temperature of the nu- 
cleating agent is less than 10°C. 

10 

9. Process according to any one of Claims 4-8, char- 
acterized In that the nucleating agent is an amide, 
an amine and/or an ester of a saturated or unsatu- 
rated aliphatic (C^-C^) carboxylic acid. 

15 

10. Process according to Claim 9, characterized In 
that the nucleating agent is stearamide, behena- 
mide, ethylene bistearamide, ethylene bibehena- 
mide, butylene bistearamide, hexamethylene bi- 

20 stearamide ethylene biscaproamine and/or hexam- 
ethylene biscaproamin. 

1 1 . Use of the foam according to any of Claims 1 -3 and 
of the foam obtained by the process according to 

25 any one of Claims 4-10 as a foamed film as a 
foamed section, as foamed insulation tubing, as 
packaging film or as decoration. 
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6 

WEST 


